To assess whether left and right-sided renal cell carcinoma (RCC) carry side-specific outcomes.
Introduction
Worldwide, renal cell cancer (RCC) is responsible for 2% to 3% of malignancies with an incidence of approximately 338,000 cases in 2012, of which 64,000 were diagnosed in the US and 84,400 in Europe. [1] [2] [3] RCC mortality is estimated at 143,600 annual deaths worldwide. [3] The kidneys are paired organs but slightly differ in size and their anatomical position with the right kidney being situated Editor: Yan Li.
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around 1 cm more caudal than its counterpart. [4] [5] [6] Therefore, the time to detection of RCC might vary because visibility of the left kidney during ultrasound examination can be reduced by the more cranial position. Further variations are evident in arterial supply, and venous as well as lymphatic drainage between left and right organ. [4] Both kidneys have in common a lymphatic drainage to their respective hilar region but the left kidney drains into the pre-, retro-, and paraaortic lymph nodes whilst the right kidney drains into the pre-, para-, retro-, and interaortocaval lymph nodes followed by a drainage into the paracaval lymph nodes. [7] Therefore, time to lymphatic spread and distant metastases might vary between both sites. In addition, outcomes of surgical treatment could differ by laterality as accessibility of the organ itself as well as its lymph nodes are influenced by site.
These variations may contribute to site specific differences not only in tumor stage upon diagnosis but also in treatment outcomes. Dedicated assessments on site-specific differences in RCC outcomes are rare, and the scarce literature is contradictory: While some authors reported site-specific differences in RCC incidence, stage, and outcomes, [8, 9] others did not find statistically significant discrepancies. [10, 11] Some of these studies are limited by small sample sizes and lack generalizability.
To date, it remains unclear whether tumor laterality has an influence on clinical outcomes in surgically treated RCC patients.
The purpose of this study was to evaluate the impact of tumor laterality on survival among RCC patients who underwent surgical treatment using representable national databases from 2 distinct countries to ensure well-powered analyses and generalizability of the results.
Methods
We evaluated the most recent kidney cancer data file for patients diagnosed between 2000 and 2014 from the German Centre for Cancer Registry Data (ZfKD) provided by the Robert KochInstitute. As transatlantic counterpart, we used the 2013 urinary tumor dataset from the United States Surveillance, Epidemiology and End Results (SEER) program run by the National Cancer Institute (NCI) as part of the National Institutes of Health (NIH). No ethics committee approval was necessary because all data was received and analyzed anonymously.
We included adult patients with pathologic diagnosis of RCC coded by the ICD-10 code C64. All included patients had documented follow up for survival after unilateral RCC diagnosis and surgical treatment including partial, radical or extended nephrectomy. The latter is a variable level in the SEER data indicating a nephrectomy together with resection of (parts of) other organ (s) for example, colon or bladder. Furthermore, T, N, M stage, and grading had to be documented. We excluded patients with unknown laterality or bilateral kidney cancer.
To bypass potential bias by comorbidities which are not specified in any of the datasets, cancer-specific survival (CSS) was selected as primary outcome.
Descriptive analyses were performed comparing tumor characteristics such as TNM-status and grading as well as epidemiologic parameters including gender, age at diagnosis, race, and marital status between left and right sided RCC. For comparison of discrete variables X 2 -tests were used whereas continuous data were compared using t tests or Wilcoxon ranksum tests. Comparisons of CSS and OS depending on tumor laterality were performed with univariate and multivariable Cox proportional hazards models. Variable selection in multivariable models was based on thoughtful inclusion process not only accounting for significances but also for clinically important variables.
For the analyses of CSS in the ZfKD dataset, N status was dichotomized in order to ensure validity of the Cox proportional hazards assumption into N0 versus N1 or higher.
Kaplan Meier estimators were utilized to plot survival curves for tumor laterality. Furthermore, multiplicative effect measure modification with tumor laterality in the Cox proportional hazards models was evaluated via interaction terms. Model diagnostics for violation of the Cox proportional hazards assumption were performed via scaled Schoenfeld residuals.
All statistical analyses were performed with R version 3.4.2 and R studio version 1.1.383. All statistical tests are 2-sided and considered statistically significant at an alpha-level of 0.05. The study was conducted in accordance with the STROBE guidelines. [12] 3. Results
SEER data
A total of 17,709 SEER patients fulfilled the inclusion criteria with characteristics detailed in Table 1 . In general, SEER patients with left-sided RCC were older, had larger tumor diameter, more advanced TNM status and stage compared to right-sided RCC (P <.05, respectively). Radical and extended nephrectomy were more often applied to left-sided versus right-sided RCC and so was lymphadenectomy (LAD) (P <.05, respectively).
At a median follow-up time of 21.00 months, cancer-specific survival (CCS) was inferior for left-sided versus right-sided RCC with a hazard ratio (HR) of HR = 1.27, 95% CI 1.122-1.438, P <.001), as depicted in Figure 1 . Two-year survival was 94.1% (95% CI 93.5%-94.7%) for patients with right-sided tumor and 92.6% (95% CI 92.0%-93.3%) for patients with left-sided RCC. Survival differences between both sides increased from 1.5% after 1 year to 1.9% after 3 years.
As shown in Table 2 , the CSS disadvantage for left-sided RCC was confirmed even after adjustment for confounding variables, including histology, T, N, and M status, cancer grade, type of surgery, LAD and age at diagnosis with HR = 1.187 (95% CI 1.048-1.345, P = .007) comparing left to right side.
A statistically significant interaction between laterality and LAD was detected wherefore we performed subgroup analyses depending on LAD status.
No side-specific CSS differences were found in patients who underwent LAD (n = 2166, 12.23%) comparing left-sided RCC with right-sided RCC (HR = 1.096, 95% CI 0.8977-1.337, P = .369). However, individuals who did not receive any LAD (n = 15,543, 87.77%) had statistically significant worse outcome for left-sided RCC compared to right-sided RCC (HR = 1.176, 95% CI 1.002-1.38, P = .0468). Corresponding survival curves are depicted in Figure 1 .
Model diagnostics did not reveal any violation of the Cox proportional Hazards assumption. Sensitivity analyses including only patients with clear cell RCC for yielded similar results.
ZfKD data
The patient characteristics of the 41,967 RCC patients who fulfilled the inclusion criteria are detailed in Table 3 . Patients from the ZfKD data with left-sided RCC had more advanced TNM status, compared to patients with right-sided RCC (P <.05, respectively).
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Medicine Table 1 Baseline characteristics of included patients, SEER data. At a median follow-up time of 56.54 months, CSS was inferior for left-sided versus right-sided RCC (HR = 1.198, 95% CI 1.085-1.322, P <.001), as depicted in Figure 2 . Two-year survival was 98.1% (95% CI 97.9%-98.3%) for patients with right-sided tumor and 97.7% (95% CI 97.5%-97.9%) for patients with left-sided RCC. Five-year survival was 96.4% (95% CI 96.1%-96.7%) for patients with right-sided tumor and 95.9% (95% CI 95.5%-96.2%) for patients with left-sided RCC. Survival differences between both sides increased from 0.3% after 1 year to 0.4% after 3 years and 1% after 8 years.
Again, multivariable survival analyses yielded an HR = 1.155 (95% CI 1.046-1.275, P = .004) comparing left to right side after 
Medicine adjustment for histology, T, N, and M status, grade, gender, and age at diagnosis. Table 4 details the multivariable model. Among subgroup analyses for nodal positive patients (n = 2484, 5.9%), statistically significant survival differences for patients with left-sided tumor compared to right-sided RCC were found (HR = 1.237, 95% CI 1.043-1.467, P = .0147) while no significant difference was observed among nodal negative patients (n = 39,483, 94.1%) comparing left-sided tumor to right-sided RCC (HR = 1.111, 95% CI 0.9841-1.225, P = .0889). The corresponding survival curves are depicted in Figure 2 .
The following differences between both datasets were evident:
The ZfKD dataset was 6-fold larger than the SEER dataset with longer follow-up. Both patient cohorts differed with respect to the age at diagnosis (ZfKD patients were older), histology (62% of the SEER patients had clear cell RCC compared to 35% in the ZfKD data) N, M status, and grading: In the ZfKD data 6% of the patients were nodal positive whereas only 3% of the SEER-patients were labeled as N+. Nevertheless, more SEERpatients had metastatic disease and worse grading. In addition, differences in the composition of the German population and the SEER-cohort are well known as the US-American population is much more divers with respect to race and ethnicities. Lastly, more patient information was available for the SEER datasets including race, marital status, type of surgery, and LAD.
Summarizing the results of both datasets, the observed disadvantages of left-sided RCC were marginal but evident in the SEER and in the ZfKD data with similar effect sizes and statistical significance.
Discussion
As paired organs, the kidneys differ with regard to anatomic constitution, vascular supply as well as lymphatic drainage. So far, there is no comprehensive literature evaluating whether these differences translate into site-specific outcomes discrepancies in renal cell carcinoma (RCC).
Using 2 distinct databases representative for the United States and Germany, we showed that left-sided RCC carries an inferior CSS compared to right-sided RCC. These findings were independent from potential confounders, including histology, T, N, and M status, cancer grade, and age at diagnosis. Effect sizes ranged from a 16% to 18%, which is a meaningful impact and should not be disregarded in RCC outcomes research. Using the SEER data, we found site-specific differences to be persistent among patients treated with LAD, whereas among individuals receiving no LAD no statistically significant effect of laterality was observed.
Scientific literature concerning tumor laterality of RCC is sparse and contradictory. Hollingsworth et al reported a higher proportion of small renal masses at the right side, supporting our findings. [8] Alanee et al used SEER data to investigate surgical outcomes in a subset of patients with T2 renal masses. [9] The authors reported that patients with left-sided tumors were less likely to undergo partial nephrectomy, which is in line with our larger SEER analysis.
Conflicting findings were presented by Roychoudhuri et al investigating site-specific differences in incidence rate ratios and patient survival for different malignancies of paired organs. [10] The authors found no statistically significant differences for renal malignancies with respect to incidence rates and survival. Similarly, Russo et al did not find any statistically significant difference for postoperative 5-year PFS and OS comparing leftsided to right-sided RCC. [11] One explanation for our results is the site-specific lymphogenic spread and current recommendations for surgery in RCC patients. Both datasets showed a higher proportion of left-sided nodal positive RCC patients. In addition, in the SEER dataset, the effect of RCC laterality disappeared when LAD was performed. This indicates that there are not only site-specific patterns in RCC lymphogenic spread, but that their clinical relevance differs depending on the primary RCC side. A recent study by Nini and colleagues confirms side-specific lymphogenic spread: the authors reported that left-sided RCC is associated with a higher proportion of side-specific and hilar metastatic lymph nodes when compared to right-sided RCC. [13] In patients with 1 positive nodal area, they reported side-specific and hilar metastatic lymph nodes in 67% of left-sided RCC versus 44% in right-sided RCC, and in those with 2 positive nodal areas 91% versus 7%.
In this context, it has to be highlighted that current evidence does not advocate LAD in RCC. [14] From our local experience as well, LAD in RCC patients is not adapted based on the primary RCC side. Nevertheless, few studies have so far evaluated LAD outcomes depending on the primary RCC side. Taking the results by Nini et al and those of our study into consideration, it might well be that patients with left-sided RCC will profit from a LAD. On the other hand, LAD might be not useful in right-sided RCC patients.
Further building on our results and those of Nini et al, sidespecific lymphogenic RCC spread might well manifest as metastatic distant lymph node sites over time or could manifest as distant organ metastases. Future studies must focus on longitudinal data of RCC patients to ultimately guide individualized follow-up regimes.
Our study is not devoid of limitations, which are mainly inherent to its data sources. The greatest concerns might be raised for detection bias. Time to diagnosis for patients with left-sided RCC might be longer, for example, because of the more cranial position of the left kidney and therefore sometimes difficult ultrasound visualization compared to the right organ. Subsequently, patients with leftsided RCC present with more advanced disease upon diagnosis, as confirmed by both datasets. To minimize detection bias we used multivariable statistical models adjusting for T, N, M status, and tumor grade at diagnosis. Both datasets do not provide information on comorbidities and surgical complications that also might bias survival outcomes. We sought to eliminate most of this confounding by choosing CSS as the primary outcome. Concerns have been raised that the coding for reason of death might be imperfect in the SEER data, which probably applies to the ZfKD data as well. [15] Nevertheless, this miscoding would only bias our results if miscoding was unequally distributed for right and left-sided RCC, thereby making it less relevant for our key findings. Although almost 18,000 and 42,000 patients were included in our study, subgroup analyses might have been underpowered. Still, the subgroup of patients without LAD in the SEER dataset included 15,543 patients and the subgroup of nodal negative patients in the ZfKD dataset included 39,483 individuals which should have made it possible to detect any relevant difference. Not only potentially underpowered subgroup analyses for interaction between tumor site and nodal status in the SEER data, but also differences between both datasets might contribute to differential outcome results. However, these differences reflect the heterogeneity of US-American and German populations as well as the diversity of cancer registers which emphasizes that the evidence from cohort studies must be understood as a range of estimates encircling the true value. Moreover, some of the German states started patient inclusion into the ZfKD register in the 1990ies. These patients have had no option to undergo modern laparoscopic or robotic surgery and have not benefited from novel RCC pharmacotherapy. This might translate into generally lower survival rates for the early registry years when compared to SEER data. Another limitation is that the follow-up for RCC patients in the SEER dataset is only 21 months: thus, site-specific differences could change with a longer follow-up period. Still, the results from the SEER dataset are supported by similar findings in the ZfKD data with longer follow-up. The larger sample size and a follow up of 63.54 months let the ZfKD data seem more trustworthy, even though less patient information was available for this cohort. Nevertheless, there is need for further research: If possible, long-term observation data and information about site-specific patterns of lymph node metastasis development and recurrence should be integrated.
The narrow effect sizes of tumor laterality raise questions about the clinical relevance of our findings. Other outcome predictors such as tumor stage or grade have a higher impact than laterality. Nevertheless, we believe that our findings should be communicated to the scientific world as they might raise the interest in RCC tumor side as outcome predictor. Clinical trialists could specifically plan analyses for this variable which might influence the development of new risk scores. Side-specific histopathologic evaluations of resected lymph nodes or follow-up imaging could further support our findings and might guide individualized patient care.
Our study is the first comparing influences of RCC laterality in 2 large population-based datasets representative for the US and Germany as member of the EU.
Conclusions
Using 2 distinct, representative national databases, our study shows that patients with left-sided RCC present more often with higher tumor status, nodal positivity and distant metastases than right-sided disease, which translates into inferior CSS. Those survival differences are predominantly observed among patients undergoing LAD with left-sided disease having worse CSS compared to patients with right-sided tumor. Side specific lymphogenic spread patterns might contribute to these findings. Although the differences were marginal, future prospective trials should assess whether side-adapted LAD protocols influence outcomes in RCC patients. In general, healthcare providers should be aware of differences in tumor laterality, not only for cancer diagnostics but also providing individualized follow-up schemes for patients based on their RCC characteristics. 
